Abstract -Cardiorespiratory fitness (CRF) is associated with several health outcomes. Some non-exercise equations are available for CRF estimation. However, little is known about the validation of these equations among elderly. The aim of this study was to exam the validity of non-exercise equations with self-reported information in elderly. Participants (n= 93) aged 60 to 91 years measured CRF using maximal cardiopulmonary exercise test. Five non-exercise equations were selected. Data included in the equations (age, sex, weight, height, body mass index, physical activity and smoking) were self-reported. Coefficient of determination (R 2 ) of linear regressions with laboratory-measured VO 2 peak ranged from 0.04 to 0.64. The Bland-Altman plots showed higher agreement between achieved and predicted CRF obtained by Jackson and colleagues, and Wier and colleagues equations. On the other hand, the other equations showed lower agreement and overestimation. Our findings provide evidences that two non-exercise equations, previously developed, could be used on the prediction of CRF among elderly. 
Resumo -A aptidão cardiorrespiratória (ACR) está associada a vários desfechos

INTRODUCTION
Cardiorespiratory fitness (CRF) has been linked to numerous health conditions, including coronary heart disease 1 , stroke 2 , high blood pressure 3 and all-cause mortality 4 . In fact, low levels of CRF reduce the overall efficiency of the cardiovascular system. Additionally, CRF is directly associated with muscle strength 5 and flexibility 6 and inversely associated with age 7 . There are different strategies to evaluate the CRF. The most accurate one is to determinate objectively CRF using progressive tests of maximum effort with the direct oxygen consumption measured (VO2max). This form of measurement is considered the "gold standard". However, in large populations this method shall not be indicated due to the high costs for implementation and time spent on test. CRF can also be estimated by indirect tests that typically use physical exercise concomitantly with equations which estimate CRF based on information such as predicted maximum heart rate (e.g. 220 -age), age, sex. Despite the indirect tests having less accurate results than direct ones, they require a lower cost and logistic involved to their achievement. An interesting alternative to evaluate the CRF would be through prediction model without performing exercises. This method was developed with the application of multiple regression equations containing information on the weight, height, sex, age and lifestyle habits related to CRF. When compared to the maximal tests, the results are less accurate, however, when compared to submaximal tests presents similar estimate of power and greater applicability in more numerous sample groups 8 . The assessment of the CRF is an important physiological indicator of the functional capacity among elderly 9 . However, the application of exercise tests in elderly may be limited due to orthopedic problems and a high prevalence of frailty in this population 10 . The use of non-exercise equation for CRF evaluation could be a reasonable alternative. In this context, identifying a simple, lower-cost and lower risk alternative assessment of CRF would be of considerable importance to evaluate elderly.
The non-exercise equations have been an important alternative to easily predict the CRF by means of regression-based equations that usually include variables of simple and quick assessment, such as anthropometric measures, demographic characteristics, and daily life habits 11, 12 . In this sense, several authors [13] [14] [15] [16] have developed equations using only self-reported data which have the advantages of been practicality and a low-cost alternative. However, the validation attributes of these non-exercise equations were not further investigated among elderly. Therefore, the study was designed with the aim of examining the validity of self-reported nonexercise equations in elderly.
METHODOLOGICAL PROCEDURES
Subjects
All individuals admitted between March 2005 and April 2008 to be en-gaged in the project "Idosos em Movimento Mantendo a Autonomia" were included in the study. The sample was submitted to a medical-functional evaluation including maximal exercise cardiopulmonary test, a wide kinanthropometric evaluation and a clinical investigation, performed by specialized physicians before starting the exercise program. In addition, they also filled in the questionnaire about physical activity level. Individuals presenting one or more of the following conditions were excluded: a) stable or rest angina pectoris; b) paroxysmal or complex ventricular arrhythmias; c) acute myocarditis or pericarditis; d) atrioventricular block of high-grade and low ventricular rate; e) acute myocardial infarction within the previous two years; f) severe aortic stenosis; g) severe hypertension or reactive to exercise one; h) important injury on the left main coronary artery; i) history of pulmonary embolism, j) any acute disease, k) physical or emotional limitations, l) drug intoxication; m) inability to understand the proposed procedures and n) orthopedic problems that incapacitate the individual to the participate or could be made worse by it. Thus, the study had the participation of 93 individuals (54 men and 39 women ranged 60 to 91 years old) that written informed consent was obtained from all participants, and the research protocols were approved by the Ethics Committee of Social Medicine Institute (CEP-IMS) from the Rio de Janeiro State University. The research was conducted in Rio de Janeiro State University.
Procedures
The physical activity level was assessed using a Brazilian Portuguese version of the Physical Activity Rating (PA-R). The PA-R is a progressive scale with scores from 0 to 10 in which must be signaled the most suitable option to the physical activity history in the last 30 days. Individuals with "zero score" were classified as "physically inactive"; those with 1 point as "slightly active"; those from 2 to 3 as "moderately active" and those with 4 points or more on the levels were moderate to high intensity. Detailed information about the procedure is available in a previous publication 17 . Participants performed a maximal cardiopulmonary exercise test on a cycle ergometer, model Cateye EC-1600 (Cat Eye, Tokyo, Japan), using the ramp protocol. An initial load of 25-50 watts was increased continuously in increments of 5-15 watts/min until exhaustion. For the measurement and analysis of expired gases, we used a metabolic analyzer VO2000 (MedGraphics, United States) with the measurement being held in ten second intervals. For determining work rate (watts) based on the maximum capacity for work estimated, to obtain the maximum effort between 6 and 12 minutes, according to the recommendations of the American Heart Association. Continuous monitoring of ECG was performed (ECG) 12-lead (Micromed®, Brasilia, Brazil), with measurements of blood pressure at rest every minute test, performed with aneroid sphygmomanometer WelchAlln of Tycos® (Arden, USA). Subjects were verbally encouraged to exercise to volitional fatigue. Interruption criteria were established for the tests, according to the literature recommendations 18 . The test was interrupted by maximum voluntary exhaustion. There was no limit imposed on the value of heart rate (HR) to be achieved. In order to assess the non-exercise equations which would be applied in the study, we used the literature search. In this sense, inclusion criteria were adopted for the selection, as follows: (1) included elderly in their sample, (2) validation of models through maximum effort tests with direct oxygen consumption measured ("Gold Standard"), (3) provided relevant information regarding the models adjustments (at least R square and standard error of estimate -SEE), (4) include variables not only for its statistical significance, but for its theoretical justification. This strategy was used in a previous study 19 . In addition, the models should include variables that could be self-reported by the respondent. The selected equations are shown in Table 1 
Statistics Analysis
In order to investigate sex differences, the Student t-test and chi-square or Fisher´s exact test were performed for count and categorical variables, respectively. The relationship between achieved CRF and predicted CRF was analyzed using linear regression, and the correlation coefficient, adjusted R 2 and SEE were calculated and compared. The visual analysis was carried out using the Bland Altman plots to evaluate whether the estimated CRF varied according to the achieved CRF levels. To help this analysis, 95% limits of agreement (95%LoA) were established, calculated from the mean difference between the reported and the measured. The statistical significance for all analyses was accepted as P<0.05 and if the 95% confidence interval (CI) does not include the zero value. All calculations were performed using the Stata version 12 software (Statacorp TM , College Station, TX, USA).
RESULTS
A summary of the descriptive statistics for all variables according to sex were included in Table 2 . It is also provides results from the significance tests. In this line, significantly (p<0.05) differences were detected across sex in the following variables: height, weight, BMI, and VO2 max. More details can be seen in Table 2 . The results of the simple linear regressions relating laboratory-measure VO2 MAX and VO2 max based on non-exercise equations are shown in Table 3 . The model which used VO2 max estimated by Matthews et al. 15 explained 64% of the variance in laboratory-measure VO2max. However, there was a 12% drop in the determination coefficient. On the other hand, the models developed by Jackson et al. 14 and Wier et al. 16 showed only a 3% and 5% drop, respectively. The CRF estimated by Cáceres et al. 13 equations explained only 17% for men and 4% for women.
The Bland-Altman plots ( Figure 1) show a higher agreement between achieved and predicted CRF obtained by the Jackson et al.
14 (a) and Wier et al. 16 (c) models. In fact, there were more points close to zero in Wier et al. 16 (c). The Matthews et al. 15 (b) plot shows that the majority of the samples were above the zero-axis, representing an overestimation. A low agreement is clearly observed in the Cáceres et al. 13 plots (d and e). 
DISCUSSION
The present study examined the validation of five non-exercise equations (e.g., Jackson et al. 14 , Wier et al. 16 and Matthews et al. 15 , Cáceres et al. 13 for men and women) on predicting CRF in Brazilian elderly. Our results showed reasonable indications of two equations: Jackson et al. 14 and Wier et al. 16 which could be helpful on the determination of CRF among elderly. On the other hand, the other three equations showed weaker validation performance, and consequently, and should be avoided in this group. In fact, Jackson et al. 14 and Wier et al. 16 had alreadly suggested that their equation could be more accurate for low fit subjects and people older than 50 years.
This study is the first to assess the validity of only self-reported non-exercise models in elderly. Mailey et al. 20 tested the validity of the model proposed by Jurca et al. 21 in an elderly sample (60-80 years). The model included the variables sex, age, BMI, self-reported physical activity and resting heart rate (R 2 adjusted=0.51). Maranhão Neto et al. 22 developed a model in a sample of 60-91 year, including the variables age, self-reported fitness and relative handgrip strength (R 2 adjusted=0.79). Variables such as resting heart rate and handgrip strength demand appropriate equipment and preparation, which limit the applicability of the models in population-based studies. Specifically, the heart rate responses could be affected by hypertensive medications and the handgrip test demand "motivation" from the subjects.
Our predictive values were slightly lower than the laboratory-measured CRF for most equations. Some explanations for these findings could be postulated. First, our sample was smaller than the ones in which the original equations were developed. Second, given that the equations were validated for a large age spectrum, it is plausible to consider that the precision of the estimates may not be identical in different age groups.
Taking into account the Bland-Altman plots, Jackson et al. 14 and Wier et al. 16 equations had most of the points around zero highlighting a reasonable validation without bias. Both equations used easily self-report information (e.g., age, sex, weight, height and physical activity) and could be used in a population approach. On the other hand, the Bland-Altman plots of the other equations showed overestimation bias. These findings reinforce the importance of comparing equations, even though they use similar variables, aiming to access accurately CRF.
Although the equation developed by Matthews et al. 15 explained 64% of the laboratory-measure VO2 MAX variability, Bland-Altman plots revealed an overestimation, and consequently, the lower accuracy of this equation on estimate VO2 MAX in this group.
Through this research we found that many studies have been performed in order to estimate CRF without exercise for the general population. The main advantages found in this alternative are the lowest cost, the easier applicability and the speed of data acquisition, mainly in large populations 19 . Some limitations of the study should be noted. Although the predicted values were close to that obtained from original equations, they were sys-tematically lower. All the original equations were validated against VO 2 max obtained from maximal treadmill tests treadmill tests which are known to engage larger muscle mass and therefore elicit higher VO 2 values 23 . The adoption of a cycloergometer maximal exercise testing protocol to assess the CRF is justified, mainly for safety reasons 24, 25 . Further, the findings of the study should be observed carefully due to the specific sample. The subjects were interested in engaging in project which involves physical activities and may present higher values of CRF compared with the general population. In this sense, it is not possible to state that the performance of these equations would be the same in other populations.
The use of non-exercise equations in elderly has two major justifications: (1) the physical health problems which may limit the participation in exercise tests 26 ; (2) even in people without physical impairments, the exercise tests could not be feasible due to high-cost, especially in low-and middle-income countries.
CONCLUSION
This research provides evidence to support the use of a low-cost procedure of estimating CRF based on two equations previously developed (e. g. Jackson et al. (1990) 14 and Wier et al. (2006) 16 ). The prediction does not involve any exercise testing, it provides reasonable estimates of CRF, and could be useful in research settings. Future studies should address whether non-exercise equations based on self-reported data could be used to follow changes in CRF of elderly.
